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METHOD AND APPARATUS FOR 
ENDPOINTING MECHANICAL AND 
CHEMICAL-MECHANICAL POLISHING OF 
SUBSTRATES 

TECHNICAL FIELD 

The present invention is related to mechanical and 
chemical-mechanical polishing of substrates, and more 
particularly, to a method and apparatus for consistently 
stopping planarization of substrates at a desired endpoint. 

BACKGROUND OF THE INVENTION 

Chemical-mechanical polishing ("CMP") processes 
remove material from the surface of semiconductor wafers 
or other substrates in the production of microelectronic 
devices and other products. FIG. 1 schematically illustrates 
a CMP machine 10 with a platen 20, a wafer carrier 30, a 
polishing pad 40, and a planarizing liquid 44 on the polish- 
ing pad 40. The polishing pad 40 and the planarizing liquid 
44 may separately, or in combination, define a polishing 
medium that mechanically and/or chemically removes mate- 
rial from the surface of a wafer. The polishing pad 40 may 
be a conventional polishing pad made from a continuous 
phase matrix material (e.g., polyurethane), or it may be a 
new generation abrasive polishing pad made from abrasive 
particles fixedly dispersed in a suspension medium. The 
planarizing liquid 44 may be a conventional CMP slurry 
with abrasive particles and chemicals that is used with a 
conventional polishing pad, or the planarizing liquid 44 may 
be a planarizing solution without atbrasive particles that is 
used with an abrasive polishing pad. 

The CMP machine 10 may also have an under-pad 25 
attached to an upper surface 22 of the platen 20 and the 
lower surface of the polishing pad 40. A drive assembly 26 
rotates the platen 20 (indicated by arrow A), or it recipro- 
cates the platen 20 back and forth (indicated by arrow B). 
Since the polishing pad 40 is attached to the under-pad 25, 
the polishing pad 40 moves with the platen 20 during 
planarization. 

The wafer carrier 30 has a lower surface 32 to which a 
wafer 12 may be attached, or the wafer 12 may be attached 
to a resilient pad 34 positioned between the wafer 12 and the 
lower surface 32. The wafer carrier 30 may be a weighted, 
free-floating wafer carrier; or an actuator assembly 36 may 
be attached to the wafer carrier to impart axial and/or 
rotational motion to the wafer 12 (indicated by arrows C and 
D, respectively). 

To planarize the wafer 12 with the CMP machine 10, the 
wafer carrier 30 presses the wafer 12 face-downward against 
the polishing medium. More specifically, the wafer carrier 
30 generally presses the wafer 12 against the planarizing 
liquid 44 on the planarizing surface 42 of the polishing pad 
40, and at least one of the platen 20 or the wafer carrier 30 
moves relative to the other to move the wafer 12 across the 
planarizing surface 42. As the wafer 12 moves across the 
planarizing surface 42, material is removed from the face of 
the wafer 12. 

In the competitive semiconductor industry, it is desirable 
to consistently stop CMP processing of a run of wafers at a 
desired endpoint and to produce a uniform, planar surface on 
each wafer. Accurately stopping CMP processing at a 
desired endpoint is important to maintaining a high through- 
put of planarized wafers because the planarized surface must 
be at a desired level with respect to other layers of material 
and structures on the wafer. For example, if the planarized 
surface is above an acceptable level, the wafer must be 
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re-planarized until it reaches a desired endpoint 
Additionally, it is important to accurately produce a uniform, 
planar surface on each wafer to enable precise circuit and 
device patterns to be formed with photolithography tech- 

5 niques. The critical dimensions of many photo-patterns must 
be focused within a tolerance of approximately 0.1 um. 
Focusing photo-patterns to such small tolerances, however, 
is difficult when the planarized surface of the wafer is not 
uniformly planar. Therefore, two primary objectives of CMP 

10 processing are stopping planarizing at a desired endpoint 
and producing a highly uniform, planar surface on each 
wafer. 

The endpoint of CMP processing may be determined by 
estimating the time-to-polish the wafer based on the polish- 

15 ing rate of previous wafers. CMP processing, however, 
involves many operating parameters that affect the planarity 
of the surface of the wafer and the ability to estimate the 
time-to-polish a wafer to a desired endpoint. The rate at 
which the material is removed from the surface of the wafer 

20 (the '"polishing rate") often varies from one wafer to another. 
The most common parameters that affect the polishing rate 
of a wafer are: (1) the relative velocity created between the 
wafer and the polishing pad across the face of the wafer; (2) 
the distribution of slurry across the surface of the wafer; (3) 

25 the composition of materials of the wafer; (4) the topogra- 
phy of the wafer; (5) the parallelism between the face of the 
wafer and the surface of the polishing pad; (6) the tempera- 
ture gradient across the face of the wafer; and (7) the 
condition of the planarizing surface of the polishing pad. 

30 The polishing rate may vary from one wafer to another 
because it is difficult to identify and correct changes in 
specific operating parameters. Thus, it is difficult to consis- 
tently stop CMP processing at a desired endpoint on a wafer 
by estimating the time-to-polish the wafer using the polish- 

35 ing rate of previous wafers. 

The endpoint of a wafer may also be determined by 
stopping CMP processing and measuring a change in thick- 
ness of the wafer. In a typical process for measuring a 
change in thickness of the wafer, the wafer is partially or 

40 completely removed from the planarizing surface of the 
polishing pad, and then an interferometer or other measuring 
device measures a change in thickness of the wafer. 
However, repeatedly stopping CMP processing to measure 
the change in thickness of the wafer reduces the throughput 

45 of planarized wafers, or a wafer may be destroyed or 
impaired because it may be over-polished beyond an accept- 
able endpoint before the first measurement Accordingly, it 
is also difficult and time-consuming to consistently stop 
CMP processing at a desired endpoint by continuously 

50 measuring the actual change in thickness of the water. 

In light of the problems with determining the endpoint of 
CMP processing, it would be desirable to develop a method 
and apparatus that indicates when a wafer has been pla- 

55 narized to a desired endpoint 

SUMMARY OF THE INVENTION 

The present invention is an apparatus and method for 
stopping mechanical and chemical-mechanical polishing of 

60 a substrate at a desired endpoint. In one emrx)diment a 
polishing machine has a platen, a polishing pad positioned 
on the platen, and a polishing medium located at a planariz- 
ing surface of the polishing pad. The polishing machine also 
has a substrate carrier that may be positioned over the 

65 planarizing surface of the polishing pad, and at least one 
sensor that monitors a characteristic of a polishing compo- 
nent that is influenced by the type of material being removed 
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from the substrate. In a preferred embodiment, the sensor is DETAILED DESCRIPTION OF THE 

preferably a heat sensor that measures the temperature of a INVENTION 
polishing component sensitive to heat at the front side of the embodiment of the present invention is a 

substrate, such as the plananzing surface of the polishing j . f . JL„ 

pad, the back side of the substrate, or the CMP b^oducts 5 method and apparatus for "f^J*^**^ 

^cducedbypoHshingthesubstrate.Asingleheat S eiisor,for cheimcal^mechanical polishing ; of a substtate at a desired 

example, may either be embedded in the polishing pad, endpomt One aspect of an embodiment of the mven^on is 

connected to the substrate carrier at the backside of the to monitor the heat between the substrate and the polishing 

substrate, or attached to the platen at a location where the pad at the front side of the substrate, and to stop CMP 

CMp byproducts flow off of the polishing pad On the other 0 processing when the heat changes m a manner that indicates 

hand, a plurality of heat sensors may be positioned at that CMP processing has reached an interface between a 

different locations on the polishing machine, including a first cover layer and an underlying layer on the substrate. Another 

heat sensor embedded in the polishing pad, a second heat aspect of an embodiment of the invention is to select 

sensor connected to the substrate carrier, and a third heat slurries, planarizing liquids or reactive agents that produce 

sensor attached to the platen. 15 a large change in the heat at the front side of the substrate 

A preferred embodiment of the invention is useful to when the underlying kyer of the substrate is exposed to the 

endpoint CMP processing at the uppermost interface P^hmg medium FIGS. 2-4 in which like reference 

between a cover layer on a substrate and an underlying layer numbers refer to like parts, illustrate various embo<hment 

onthesubstrntecoveredbymecoverlayenAtmebegmning <* P***"* ™* JW" for^mg mechanical 

of the CMP process, the chemical reaction and friction 20 and chemical-mechanical poHshing of a substrate at a 

between the cover layer and the poHshing medium produces desired endpoint in accordance with the invention, 
heat between the substrate and the polishing medium within FIG. 2 is schematic cross-sectional view of an embodi- 

a first heat range. After the cover layer is at least partially ment of a polishing machine 110 for mechanical or 

removed from the substrate and a portion of the underlying chemical-mechanical planarization of a substrate 150. The 

layer engages the polishing medium, the heat between the 2 s polishing machine 110 has a housing 112, a platen 120 

substrate and the poHshing medium changes to within a attached to the housing 112, and a wafer carrier assembly 

second heat range because the chemical reaction between 130 mat holds and moves a wafer carrier or chuck 132 over 

the underlying layer and the polishing medium is different the platen 120. An underpad 125 is preferably attached to the 

man that of me cover layer. The heat may also change when platen 120, and a poHshing pad 140 is attached to the 

the underlying layer engages the polishing medium because 30 underpad 125. As discussed above with respect to FIG. 1, a 

the coefficient of friction between the underlying layer and platen actuator 126 moves the platen 120 and a substrate 

the poHshing medium may also be different than that of the actuator 136 moves the substrate carrier 132. In a preferred 

cover layer. The heat sensors sense the change in heat from embodiment, the substrate actuator 136 rotates the substrate 

the first heat range to the second heat range, and CMP carrier 132 and moves the substrate carrier 132 along an arm 
processing is preferably stopped when the sensed heat is 35 134 extending over the platen 120 (indicated by arrow T) to 

within the second heat range. move the substrate 150 across the poHshing pad 140. 

In another embodiment of the invention, a reactive agent The poHshing pad 140 has a body 141 and a planarizing 
is added to the planarizing solution to produce large varia- surface 142. In one embodiment, the poHshing pad 140 is a 
Hons between the first heat range and the second heat range non-abrasive poHshing pad in which the body 141 is made 
when the underlying layer is exposed to the poHshing 40 from a Lmatrix material. In another embodiment, the polish- 
medium. In stiff another embodiment of the invention, the ing pad 140 is an abrasive poHshing pad in which the body 
CMP byproducts flowing off of the poHshing pad are mixed 141 is made from a matrix material, and a pluraHty of 
with a reactive agent selected to react with the material of abrasive particles 145 are bonded to the matrix material. In 
the underlying layer. Thus, by measuring the extent to which addition to the poHshing pad 140, a planarizing Hquid 148 is 
the reactive agent reacts with the CMP byproducts, this 45 dispensed through a dispenser 149 onto the planarizing 
embodiment detects the presence and concentration of mate- surface 142 of the poHshing pad 140. The planarizing Hquid 
rial from the underlying layer in the CMP byproducts to 148 preferably has chemicals that react with one or more 
identify the endpoint of the poHshing process. layers of material on the substrate 150 to enhance the 

TOTPF DFSrWTTON OF THE DRAWINGS remOVal ° f SUCh layefS fr ° m subs1rate 150 ^ P lan ^ 

BRIEF DESCRIPTION OF THb DKAWiNuo ^ ing ^ ^ ^ abra$ive such as alumi- 

FIG. 1 is a schematic cross-sectional view of a semicon- num oxide or cesium oxide, to abrade the surface of the 

ductor poHshing machine in accordance with the prior art. substrate 150. In general, a particle-free planarizing Hquid 

FIG. 2 is a schematic cross-sectional view of an embodi- 148 is preferably used with an abrasive poHshing pad 140, 

ment of a poHshing machine in accordance with the inven- while an abrasive planarizing Hquid 148 (slurry) is prefer- 

tion. 55 ably used with a non-abrasive poHshing pad 140. The 

FIG. 3Ais a partial schematic cross-sectional view of an planarizing Hquid 148 generaHy flows radially outwardly 

embodiment of a substrate carrier and a poHshing pad of a across the planarizing surface 142 because the platen 120 

poHshing machine in accordance with the invention at one and the poHshing pad 140 typicaUy rotate (indicated by 

point in an embodiment of a method in accordance with the arrow R x ). In one embodiment, the platen 120 has a sidewaU 

invention. 60 122 spaced radiaUy outwardly from me poHshing pad 140 to 

FIG. 3B is a partial cross-sectional view of the embodi- catch the byproducts of the CMPprocess 148(a) as they flow 

ment of the substrate carrier and the poHshing pad of the off of the poHshing pad 140. 

poHshing machine of FIG. 3B at a later point in the method The poHshing pad 140 and/or planarizing Hquid 148 

of FIG. 3B. define a poHshing medium to remove material from the 

FIG. 4 is a schematic cross-sectional view of another 65 substrate 150. In the case of an abrasive poHshing pad 140, 

embodiment of a poHshing machine in accordance with the either the poHshing pad 140 alone defines the poHshing 

invention. medium or the combination of the poHshing pad 140 and the 
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planarizing liquid 148 define the polishing medium. In the 150 is a semiconductor wafer in which the underlying layer 
case of a non-abrasive polishing pad 140 and an abrasive 154 is an inter-layer dielectric with vias formed over the 
planarizing liquid 148 (generally a CMP slurry), the com- components 152, and the cover layer 156 is a conductive 
bination of the polishing pad 140 and the abrasive planariz- layer deposited into the vias and over the underlying layer 
ing liquid 148 define the polishing medium. The components 5 154 to form contact plugs to the components 152. The 
of the polishing medium are accordingly the items that polishing machine 110, however, may be used to accurately 
engage the substrate to mechanically and/or chemically polish and endpcoint other structures of semiconductor 
remove material from the substrate. As discussed in greater wafers, baseplates, and other substrates, 
detail below, the heat generated at an interface 160 between FIG. 3A illustrates the substrate 150 prior to the endpoint 
the substrate 150 and the polishing medium changes as |Q of CMP processing when only the cover layer 156 is 
different layers of material on the substrate 150 are exposed exposed to the polishing liquid 148 and the polishing pad 
to the polishing medium 140. At this point in the CMP process, the friction and 
The polishing machine 110 also has at least one heat chemical reaction between an intermediate planarized sur- 
sensor 170 (identified only by reference numbers 170(c) face 157 of the substrate 150 and the polishing medium 
-170(c) in FIG. 2) to sense the temperature of a component 15 produces a heat H x at the pad/substrate interface 160. The 
sensitive to the heat at the pad/substrate interface 160. A heat Hj is a function of the material of the cover layer 156, 
wide variety of conventional temperature sensors may be the composition of the planarizing liquid 148, and the 
used as the heat sensor 170, including those that sense friction between the substrate 150 and the polishing 
temperature optically, electrically, chemically, etc. In one medium To measure the heat Hj_ at the pad/substrate inter- 
embodiment, a pad heat sensor 170(a) is embedded into the 20 face 160, the heat sensor 170(a) preferably senses the 
polishing pad 140 to measure the temperature of the pla- temperature of the polishing pad 140 or planarizing liquid 
narizing surface 142 or the planarizing liquid 148. In another 148, and/or the heat sensor 170(fc) preferably senses the 
embodiment, a substrate heat sensor 170(&) is connected to temperature of the substrate 150. It will be appreciated that 
U, the substrate carrier 132 to measure the temperature at the the temperatures measured by the heat sensors 170(a) and 
U~ backside of the substrate 150. In still another embodiment, 25 170(fc) may not be the same, but because the temperatures at 
5f a byproduct heat sensor 170(c) is coupled to the polishing the back side of the substrate 150 and at the planarizing 
machine 110 at a location to measure the temperature of the surface, 142 of the polishing pad 140 are both sensitive to 
kj CMP byproducts 148(a). The byproduct heat sensor 170(c) the heat U t at the pad/substrate interface 160, the tempera- 
yl is preferably attached to the platen 120 beyond the perimeter tures measured by the heat sensors 170 are a relative 
Sri of the polishing pad 140 where the byproducts 148(a) are 30 indication of the heat H x at the pad/substrate interface 160. 
!f; held after they flow off of the polishing pad 140. The FIG. 3B illustrates the substrate 150 at a preferable 
Lr byproduct heat sensor 170(c), however, may be attached to endpoint of the CMP process when the high-points of the 
09 the arm 134 of the substrate carrier assembly 130 to engage underlying layer 154 on top of the components 152 are 
5 the CMP byproducts 148(a) as they flow off of the polishing exposed to the planarizing liquid 148 and the polishing pad 
y. pad 140 (not shown). 35 140. The friction and/or chemical reaction between a fin- 
U ■ The polishing machine 110 preferably has a plurality of ished surface 157(a) of the substrate 150 at the desired 
jj'! heat sensors 170 with at least one heat sensor 170 attached endpoint produces a heat H 2 at the pad/substrate interface 
ill to each of the polishing pad 140, the substrate carrier 132 160. The heat H 2 is different than the heat H x because the 
flj and the platen 120. Thus, it is not necessary to having a chemicals in the planarizing liquid 148 may react differently 
A single heat sensor positioned in any single one of the 40 with the material of the underlying layer 154 man with the 
components of me poHshmg machine 110. Furthermore, it is cover layer 156, and/or the coefficient of friction of the 
^* not necessary to position a heat sensor 170 in the polishing intermediate planarized surface 157 may be different than 
pad 140, the substrate carrier 132 or the platen 120, but that of the finished surface 157(a). The heat at the front face 
rather a heat sensor 170 may be positioned in virtually any of the substrate 150 influences the temperature of many 
component sensitive to heat at the pad-substrate interface 45 polishing components used in the polishing process, such as 
160. the platen 120, underpad 125, substrate carrier 132, polish- 
FIGS. 3A and 3B are partial schematic cross-sectional ingpadl40,planarizmghquidl48onmepoHshingpadl40, 
views of the polishing machine 110 and the substrate 150 substrate 150, and any other element that is sensitive to heat 
that further illustrate the operation of the heat sensors at the front side of the substrate. Thus, by knowing the 
170(a>-170(c) in stopping CMP processing at a desired 50 temperatures of a pofishing component corresponding to the 
endpoint. The substrate 150 may be virtually any multiple first and second heats Hj and H ? at the pad/substrate 
layer device, such as a semiconductor wafer, a baseplate for interface 160, the polishing process is preferably stopped at 
a field emission display, or another type of substrate that a desired endpoint The endpoint is preferably determined by 
requires a uniformly planar surface at a consistent endpoint monitoring the temperature of the polishing component and 
For example, as shown in FIG. 3A, the substrate 150 is a 55 stopping the removal of material from the substrate when the 
semiconductor wafer with a plurality of integrated circuit temperature changes from a first temperature corresponding 
components 152 formed on a wafer substrate 151, an under- to heat H x to a second temperature corresponding to heat H 2 . 
lying conformal layer 154 formed over the integrated circuit Accordingly, the second temperature of the polishing corn- 
components 152, and an insulative cover layer 156 formed ponent preferably provides a predetermined temperature at 
over the underlying layer 154. The underlying layer 154 is 60 which CMP processing is stopped, 
preferably a polish-stop layer made from a material with a The first and second temperatures of a polishing compo- 
relatively low polishing rate, such as silicon nitride, nent generally vary as a function of several parameters, 
diamond-like carbon and other polish-resistant materials. including the materials of the substrate 150, the composition 
The cover layer 156 is preferably an inter-dielectric layer of the polishing pad 140 and planarizing liquid 148, the 
made from borophosphate silicon glass (BPSG), tetraethy- 65 down-force of the substrate carrier 132, and the relative 
lorthosilicate glass (TEOS), or any other suitable insulative~ velocity between the substrate 150 and the polishing pad 
material. In another embodiment (not shown), the substrate 140. The first and second temperatures of a polishing 



